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<* TO SOU^ 

15 It is an object of the «^ =ome to be known as the Ovshinski 

critical fluctuation^^ rtfl y • 016 Cune temperature oftE. ~.Jr^. . both at a tern- 
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semiconductors, the energy gap, i.e. the band interval and the ionisarion energy of doping 
and/or impurity levels, can be inflHemrd by external magnetic fields. It has now been found that 
a solid-state switching system in accordance with the invention can be switched even with a 
relatively small change, Le. increase or decrease, in a relatively weak magnetic field in the solid, 
5 if, in ar^r^ n ™*» with the invention, in the solid body there is present an electric field whose 
field strength is only slightly less that at which the solid-state system would switch if no 
magnetic field were present. Owing to the presence of an electric field of p redeter mined 
strength in the solid body of the switching system, a working point is created. The actual 
switching can then be effected by a change m the magnetic field strength in the solid body. 
10 As the magnetic semiconductor material used for the body of the switching system in 
accordance with the invention, it is possible to use ferromagnetic, ferrimagnetic and meta- 
mqg n^ semiconducting materials Metamagnctic matrrials are m a terials which below a 
specific temperature (the Ncel temperature) can be charged from a paramagnetic into a 
ferromagnetic state by the application of a suitably strong external magnetic field (see, 
15 "Hektrizt-taetslehre** by R. W. Pohl, Berlin, Goettingen. Heidelberg, 1961, at page 320). IS 
Of particular importance so far as the present invention is concerned are compounds of the 
type AB2X4 where A is at least one of the elements europium, strontium, barium and lead or at 
least one of the elements zinc, cadmium, mercury, magnesium, manganese and cobalt; B is 
chromium or rhodium ; and X is sulphur or selenium. These compounds either have a hexagonal 
20 structure or are cubic spinels. 20 
Moreover, oxides, sulphides, seleaides, or tellurides of samarium, europium, or ytterbium, 
can also be used with particular advantage. 

To obtain material having optimum properties, mixed systems from the aforementioned 
groups are advantageously used. Their doping and/or substitution generally pro duces a change 
25 in the magnitude of the exchange interactions. In this way, in addition to varying other 25 



properties "if the semiconductors^ it is possible also to vary the Curie temperature of the 
material The level of the substitution of doping factor also determines the electric switching 
field strength required, Le. the working point, as well as the Curie temperature. 
Preferred e**™pi«6 of hybrid systems which can be used are given below. Measured at room 
30 temperature, the electrical resistances of these materials lies between 10* and 10 s O hm. c m. In 30 
putting the invention into practice, it is advisable to use a magnetic semiconductor material 
which, at the temperature in the range required by the operating conditions, has a specific 
resistance of between 10* and 10* Ohm.cm. 

Eui_ x L x X where Lis lanthanum to lutecuim, yttrium, strontium and 

35 preferably L is gadolinium, cerium, or neodymium 35 

X is oxygen, sulphur, selenium, tellurium 
and 0<x<Ol1; 
(EuO)JLi _*S where 0< x < 1 and L is as before; 

EuO«Si- a •> 0<x<l; 

40 xGdS+GdA »» 0<x<0.3; 40 

CuCn X 4 - x Y x „ X is sulphur or selenium, Y is chlorine, bromine, 

iodine 
and 0.8<x<I; 
Zn^CdiCrA where 0<x<l 

45 2ni_ M Cd Jt Cr 2 Se4 „ 0<x<l 45 

Hgi. E Cd,Cr2S4 „ 0<x<l 

Hgi- E Cd E CnSe4 „ 0<x<l 

Mnj- JC Cd x Cr 2 S4 „ 0<x<l 

Mni- K Cd,Cr2Se4 0<x<l 
50 Fei_ s Cd,Cr£4 „ 0<x<OJ » 

Fei_ K Cd x Cr2Se4 „ 0.99<x<l 

Eui_ E Cd x Cr 2 S 4 „ 0.99<x<1.0 

Eu! - x Cd,Cr*Se 4 „ 0.99< x <1.0 

CoRha-.Cr^ „ 0<x<2 

55 Cdi-.Ga.Cr & „ 0<x<0.05 55 

Cdi- K Ga K Cr 2 Se 4 „ 0<x<0.05 

Cdi . x In x Cr 2 S4 „ 0< x <0.05 

Cdi -Jn^CraS* „ . 0< x <0.05 

Cdi-.Ag.CrA 0<x<0.05 
60 Cdi. s Ag,Cr 2 Se4 „ 0< X <0.05 60 

Cdi - x Cu,Cr 2 S4 „ 0< X <0.05 

Cdt - x Cu lt Cr23e4 m 0< X <0M 

Cadmium-zinc- gallium-chromium sulphides and sdenidffs and iron-cadmium-silver- 
chromium sulphides and selenides can advantageously be used. Of these, the 
65 compounds 65 



1.413,431 



Cdo.MZno.MGaa.oiCriS^ 
Cdo. t4Zno. nGzo. oiCr 2 Se« ; 



10 



15 



(Fei-«CdJ 0 . tW \g OOJ Cr jSe< 0<x<0l 
have been found to be particularly usefaL ' 

are oescribed m our co?Sdi^Aro&^ No 5315^^ Materia] f of this k£f 
general formula:— 8 ppjlcauon wo - 53153/72. These materials are of the 

where wis between 0 and 04 « is n ^fift** 2 ? . . 10 

and eaual to or less than 1 • A ii rttaSfSi^ftK 1 : u +Z = <• f * «iual to or greater than 0 

0 may te S * & ~ where - 4 and each of x' and x' is greater than 

20 b.£g P p^ are preferred, the europium 

in an excess of up to 40 VaTl TaA** ^£?S ca ?J n «se be present in the material 

25 

^**^circu^ 25 

F, SSe 3 S4nS h a,UStra ** SWitchia « of a switching system according 

^^S^^SS" 1 ^ *«* 1 has a 

4 and 6 of this ^^^ ^S^S^^^S^^^L^' 6 *«* 

m^oTSher t iSfl^ftSS^ in with the 

field 5 is parallel to orinan onnlsL i ™i5ui^ tttIC 681(1 7can te provided. The magnetic 

chargc^arn^n^win^ D^dyTfS iSS^SSKK^^r^ *5£* 
charge-carrier flow. In ar £?Z rJ^-:™P!"V"r 7 ««J»rpend>c«uar to this direction of the 



IS 



2) 



30 



35 



30 



35 



40 it may, however, be advantaaeoiM Htol^~fiS^?f .^l m accordance with the invention, 

the direction of which ^Kth^ oSftlo ^J? 8 *^ ^ * body £ 40 

op^un, cffectisaepena^poX ^ Ruction o/« ™ 

body 2. In order to produce such a mScfield S^ (preferably monocrystalline) 
the directions 5 and 7 mafbe^S^S at^^Sf^ '"P 6 ™? 00 ** 1 magnetic fields in 
45 required direction in the body! resultant generate a magnetic field in the 



sur^oVIhe^ 11. in which, in the 

corresponds to Figure 1 P M *«* 41 fonnm * * P-nJunction. Otherwise, Ftgurel 

50 eJ^ n iiT^ po ^ n -f 0 ^eleSTof ^ ° f ,^ of ^ contacting 

semiconductor n^aS^^ bodTl S^ l) m to the magnetic 

the electrodes 14 aad 1 6 l„ n ZIw, ZiX^f^I- , Fi 8»> re ! » *■ contacting metals of 
locking ol uS co^^t^th^^ KS*!£ %^ fo ™ ««- 

55 noSb^^^used,^ 

and thTdectrodel4l L< hn^t,? _ SH*, 0 ? F,gurc The /unction between the body 2 

perpendicX^m^^S^ o n Th^fhI Sf^ k magnetic fields, on the one handTand 
J wmcn woclt8 111 onc dwection, there are also two electric switching 



45 



50 



55 



60 



65 



1.413,431 



field strengths at different levels, these depending upon whether the current across the junction 



15 



30 the low-ohmic state. 



10 



WHAT WE CLAIM IS: — . . CT , Hf>dv made of magnetic semiconductor 

I. A sdid-s*te switduBg ^^^l P Xi *o^2 <S^c£iSS electrodes, 
material, electrodes earned by aid body, & vorage ^* trkned direction to 

SHSns for applying a «^.»^afKtSt^ 8 irS£SSlJS?t£ 35 
35 said body, wherein .aid body a mamta^ bofc at a J^S^^rof Se spin system 
Curie temperature of the material and m the ^J^^^f^^ ^ is effected 
thereof, wherein switching of said body froma k^^L" *J^^ y from said low- 
by increasing the strength of said ^^^^^S^g^ofSd magnetic field, 
ohrnic to said high-ohmic state is effi*J*JJg «^^ g v X^urce has a vahle such that 40 
40 and wherein the voltage applied to ^J^™ { £ , ?jS^ *£ Sfto switch said body, 
the electric field thereby produced m sad body, whilst lnett^ w in variation 
SsSaatiaUy to reduce the stmarfu rfsa* mag*** ^J^Sf S ^eftS 

sa^sftssa^ 45 
45 ° f r\^j^^^ 

3. A solid-state switching system as i "^J^^Tea^ ofS e&s 

SSM^tt ^ BUCrorRh: 



50 s^ffis^a^^ss 

^oSSSl swfeg^^^^ " - Sdt o W r 1 Saf 
semicond^nSerial is an ^^^^^Tl ^^ ^^ semi- 
8. A solid-state swiping system as d**^ 1 "^"" £ ^Vgn^er than 60 

60 conductor material is (Fc-.CdJ o-wAg o.oiCrA where a o J or k 

0 but less than 1. . Q „ „, afrr ,~i in claim 1 or Claim 2, wherein said magnetic 

JLiSKSa»«32K™g If* ^ — - 

wis between 0 and 0.4; " 



65 



where w is between 0 and 
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u is between 0 and 0.1 ; 
x+z = 4; 

z is equal to or greater than 0 and equal to or less than 1 - 

A is at least one of the elements Eu<**>, Sr, Ba, Pb; D is at least one of the 

5 e ^«tsCu,A&Au,Li,K,Na,Zn.Cd,Hg,Sn,Pb,oratleastoneoftherare 5 

earth elements, including Lu, Y and Sc. or at least one of the dements V, Mn, 
Fe, Co, Ni, B, Al. Ga, In, and TI; 
Z is at least one of the elements Q, Br and I; and 
in m . x atleasl °ne of the elements S,Se and Te. 

¥ .!P; A ^ lld ^^ u switching system as claimed m Claim 9, wherein X is S,., Se,., where x 1 + in 
x +r = 4, and each of x' and x" is greater than 0 and less than 4. 10 

11. A solid-state s witching system as claimed in Claim 9 or Claim 10, wherein said magnetic 
semiconductor material is a silver or copper-doped europium-chromium selenide. 
i « T . solid-state switching system as claimed in Claim 11, wherein said magnetic semi- 
15 conductor material is a copper-doped europium-chromium selenide and u hasT value of is 
rrom u.oi to 0. 1 . 

13 '*> £ *°J i ***f* switc ^S sys^Ds as claimed in any one of the preceding Claims, wherein 
one of the etectrodes earned by said body is made of a metal or binary metal alKuchthat 
it forms with the material of said body a p-n junction. 

tr, p;™~ w^tate ^tching systan substantially as hereinbefore described with reference 20 
to figure 1 or Figure 2, and Figure 3 of the drawing. 

For the Applicants, 
G. F. REDFERN & COMPANY. 
St Martin's House, 
177 Preston Road, 
BRIGHTON, SUSSEX, 
and 

HIGH HOLBORN HOUSE, 
52-54 High Holborn, 
LONDON WC1V 6RL. 
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